Additional index words. Asteraceae, black-eyed Susan, floral anatomy, floral development, floral initiation, photoperiod Abstract. Histological and histochemical examination of floral initiation was conducted to determine the pattern of flowering in Rudbeckia hirta, a long-day (LD) plant. Plants were grown under 8-hour short days (SDS) until they had 14 to 16 expanded leaves. Half of the group of plants was moved to LD conditions consisting of natural daylength plus a 4-hour night interruption. Rudbeckia hirta had a pattern of differentiation in flowering similar to that reported in species requiring one inductive day for initiation. Rudbeckia hirta required 8 LDs for evocation and 18 LDs for completion of initiation. Involucral bracts initiated after 18 LDs, after which the receptacle enlarged and was capped by a meristematic mantle of cells signaling the start of development. Floret primordia did not initiate, even after 20 LDs. Increases in pyronin staining were observed in actively dividing cells of the procambium, leaf primordium, and corpus of the vegetative meristems. After 8 LDs, the pith rib meristem stained darkly, a result indicating the arrival of the floral stimulus. An increase in pyronin staining was also observed in the meristematic mantle covering the receptacle after 18 LDs, a result indicating increased RNA levels.
All flowering plants share the same stages of floral morphogenesis, although species, and even individuals within a species, can be heterogeneous in their response to floral inductive conditions (Bernier, 1989) . Meristems are composed of distinct zones that change during floral initiation and ultimately become unrecognizable (Bernier et al., 1981; Esau, 1977) . The typical vegetative meristem is comprised of the tunica, a two-or three-cell layer of anticlinally dividing cells capping the meristem (Esau, 1977) , and the corpus, which is comprised of three zones. The central zone of the corpus consists of large, slowly dividing cells (Bernier et al., 1981; Jacqmard, 1970) . The peripheral zone is approximately ring shaped and surrounds the central zone with smaller, actively dividing cells from which all leaf primordia and stem tissue, except the central pith, originate. The pith rib meristem, a zone of large, flattened, vacuolated cells, lies immediately below the central zone; periclinal divisions in this region and parts of the peripheral zone give rise to stem elongation in caulescent species. This zone disappears with floral development (Bernier et al., 1981; Nougarède, 1967) . According to Bernier et al. (1981) , the most significant finding of the histological and histochemical study of meristems is that a prefloral stage, characterized by peak activation and division of cells in the central and peripheral zones, is identifiable during floral transition in almost all species, regardless of inductive requirements.
giving rise to the receptacle. Several layers of meristematic cells expand over the entire receptacle surface, creating a mantle that stains darkly for nucleic acids. Periclinal divisions in the lower layers of the mantle give rise to floret primordia. These form acropetally, rapidly covering the entire surface of the receptacle (Bernier et al., 1981; Nougarède, 1967) .
In Rudbeckia hirta (syn. R. bicolor), 4 long days (LDs) were reported to be sufficient for floral evocation (Milyaeva and Chailakhyan, 1981) . Significant meristematic changes did not occur until after this evocation period. Stem elongation and subsequent floral initiation followed a pattern of activation also observed in Sinapis alba L. (Bernier et al., 1974; Milyaeva and Chailakhyan, 1981) .
We used histological and histochemical techniques to determine the pattern of anatomical change in R. hirta during the transition to flowering.
Materials and Methods
In the Asteraceae, after transition to inductive conditions, cell activity increases in the central zone and cells stain darkly with pyronin, an RNA-specific stain (Bernier et al., 1981; Jacqmard et al., 1972; Nougarede, 1967 ). This stage is followed by an increase in cell division and a subsequent loss of distinct zonation, and the meristem begins to dome as a result of periclinal divisions and elongation in the pith rib meristem. Involucral bracts develop first and, although leaf-like, they can be distinguished from true leaves as they arise from periclinal divisions in the second tunica layer without prior formation of a foliar buttress (Bernier et al., 1981; Philipson, 1946) . The parenchymatous core continues to enlarge, Rudbeckia hirta were sown in Sunshine Mix 1 (Fisons Horticulture, Vancouver, B.C., Canada) on 18 Dec. 1989 and kept under short-day (SD) conditions by covering the plants with black cotton cloth from 1700 to 0800 HR. After 1 month, seedlings were transplanted into the same medium in 500-ml (10-cm-diameter) containers and grown to 14 to 16 expanded leaves under SDs, i.e., maturity as defined by Orvos and Lyons (1989 PPF. A completely random design was used. Ten plants were sampled daily between 0800 and 0900 HR for 21 days (0 to 20 LDs), five from LD and five from SD conditions to serve as paired comparisons of induced and noninduced plants of equivalent chronological age. The collected meristems were fixed at 6C in 2.5% glutaraldehyde and 2% paraformaldehyde (v/v) in 0.1 M sodium cacodylate buffer for 24 h, then transferred to buffer for storage at 6C until all meristems were collected. The meristems were dehydrated in an ethanol series (25%, 40%, 50%, 70%, 80%, 95%, 100%, and 100%), embedded in paraffin, and sectioned serially at 8 µm (Berlyn and Miksche, 1976) . Tissue sections were mounted and stained using
The comparative control slides were immersed in RNase (0.25 chloroform-washed methyl-green-pyronin, which stains RNA red mg·ml -1 ) at 37C for 2 h at Step 4 and staining continued as above. and DNA green (Kurnick, 1952 (Kurnick, , 1955 Pearse, 1985) . A compara-Before use, the RNase solution was warmed to 90C for 10 min to tive control group of serial sections was stained after clearing with ribonuclease (RNase) to discriminate non-RNA cellular material also stained by the pyronin (Kurnick, 1955) . The staining sequence was as follows: 1) immerse in xylene, 5 min; 2) rehydrate in ethanol-100%, 95%, 70%, and 50%, 3 min each; 3) rinse in distilled water, 3 min; 4) rinse in distilled water at 37C for 2 h; 5) rinse in distilled water twice, 2 min each; 6) stain with methylgreen pyronin, 6 min; 7) blot excess stain; 8) immerse in two changes of n-butyl alcohol, 5 mm each; 9) immerse in xylene, 5 min; 10) immerse in cedar oil, 5 min; 11) mount. (Kurnick, 1955) deactivate any deoxyribonuclease (DNase) contaminants (Kurnick, 1952 (Kurnick, , 1955 .
We then examined the disorganization and dissociation of the tunica and corpus layers and associated anatomical changes during transition to flowering using light microscopy.
Results
Anatomical changes in the R. hirta meristem during flowering were observed (Fig. 1 A-H, Fig. 2 A-C) . Rudbeckia hirta vegeta-tive meristems had a tunica layer, about two cells thick, and distinct zonation in the corpus consisting of the central zone, peripheral zone, and pith rib meristem (Fig. 1A) . Plants held under SDS as paired controls remained vegetative through to the end of the experiment (Fig. 2D) . The vascular traces, or procambium, were observed in a nearly horizontal orientation extending out from the foliar buttresses and leaf primordia in the meristem. The small, dense, actively dividing cells of the procambium, leaf primordia, and corpus stained darkly with pyronin (Fig. 3A) ; but, when cleared with RNase, these areas stained only lightly, if at all (Fig.  3B) . No difference between RNase-cleared and uncleared sections was found in the large vacuolated, slowly dividing cells of the pith rib meristem. The nuclei of the dense cells in the leaf primordia, procambium, and corpus had an affinity for the DNA-favoring methyl-green stain, especially during reproductive differentiation under LDs. All SD paired controls remained similar, in anatomy and pyronin staining, to the 0 LD plants, even after 20 LDs (not shown).
Corpus zonation disintegrated rapidly in plants subjected to inductive LDs and completely disappeared after 4 to 6 LDs ( Fig.  1 C and D) . Meristem doming began after 4 LDs (Fig. 1C) and the procambium reoriented from nearly horizontal to nearly vertical. After 8 LDs, a qualitative increase in pyronin staining, which cleared with RNase (Fig. 3D) , was observed in the pith rib meristem and central zone (Fig. 3C) . At this time, periclinal divisions in the pith rib meristem were observed (Fig. 1E) . No increase in pyronin staining was observed after 14 LDs (Fig. 3 E and F). Periclinal divisions continued during inflorescence initiation ( Fig. 1 F-H, Fig. 2 A-C), with observable cell elongation beginning after 14 LDs (Fig. 1H) . As the stem elongated, the procambium became more vertical until after 18 LDs, when initiation of the involucral bracts commenced (Fig. 2B) . Once bract formation began, the mantle was subtended by a shallow region of randomly dividing cells (Fig. 2B) . Enlargement of the meristem was accompanied by an increased affinity for pyronin staining in the areas of active cell division (Fig. 3 G and H) . The cells in the corpus region, below the mantle, continued to divide randomly, increasing the receptacle size, and, by 18 LDs, the dome was capped by a uniform, multi-layered mantle of cells (Fig. 2B) . Below the receptacle, cells continued to divide periclinally, with considerable stem elongation initially beginning after 12 LDs (Fig.  1G) . Floret primordia had not initiated by 20s LD, the end of the study (Fig. 2C ).
Discussion
At the molecular level, differentiation during all stages of floral morphogenesis is the result of activation and repression of gene expression (Esau, 1977) . The appropriate external stimulus regulates gene activity, thus evoking the synthesis of specific enzymes that determine the path toward floral differentiation (Esau, 1977) , even before morphological changes are evident. In R. hirta, LD-induced anatomical changes preceded foliage arching, a visible morphological change that first appeared after 8 to 10 LDs (Murneek, 1940) . The observed increase in pyronin staining after only 8 LDs indicated molecular level changes in response to a stimulus. After 8 LDs, directional changes in cell division were also observed. Increases in RNA after exposure to floral inductive conditions have also been reported in Chrysanthemum segatum L. and Sinapis alba (Bernier et al., 1981; Jacqmard et al., 1972) , a change signaling evocation of flowering.
Applying nucleic acid inhibitors to the meristem during evocation inhibits flowering, a result showing that this early increase in RNA synthesis is essential to flowering (Bernier, 1971) . Findings by Bernier (1971) in Pharbitis nil Chois., S. alba, and Lolium temulentum L. show an increase in RNA eitherjust before or on the Rudbeckia hirta
arrival of the floral stimulus. In the present study, the RNA increase in R. hirta after 8 LDs suggests that the floral stimulus arrives at the meristem a few days later than previously described in this species (Milyaeva and Chailakhyan, 1981) . The difference most likely is attributable to the limitation of their study to only the first 4 LDs. Another difference was the prevailing temperatures and incident light quantity during experimentation. Flowering in R. hirta has been observed to be greatly affected by these two factors (Mumeek, 1940) . Milyaeva and Chailakhyan (1981) used 18-h natural LDs in Moscow, while we used natural daylength plus a 4-h night interruption. The low light of winter months in Virginia may have caused the delayed response.
Once cells begin their increased activity, flowering moves into the initiation stage. At this time, distinct zonation in the meristem is lost (Bernier et al., 1981; Nougarede, 1967) . This phenomenon was observed in R. hirta after 6 LDs. Increased cell division in the corpus, combined with periclinal division in the pith rib meristem, is described by Bernier et al. (1981) as the prefloral stage. This stage has been described in several species from diverse plant families, ranging from primitive to advanced (Bernier et al., 1981) . A similar prefloral stage occurring between 8 and 14 LDs was identifiable in R. hirta. During this stage, Murneek (1940) reported, and we observed, that the foliage of R. hirta assumed a more vertical orientation when daylengths reached 12 h; Murneek referred to this as the first visible sign of change in development toward flowering. Rapid elongation of the stem (bolting) did not follow immediately, rather was delayed by almost 2 weeks in plants grown under days slightly longer than 12 h (Murneek, 1940) . The vertical orientation of the leaves may be linked to the proliferation of periclinal divisions, with minimal cellular elongation occurring during the prefloral stage. We observed such arching after 8 to 10 LDs.
anatomical changes during floral initiation in R. hirta. It advances the work of Milyaeva and Chailakhyan (1981) by extending the understanding of the transition to flowering in this species beyond the first 4 LDs. Given the pattern and sequence of flowering events, floral manipulation treatments can be planned and interpreted more accurately.
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In the Asteraceae, the prefloral stage ends abruptly with the initiation of involucral bracts, an action signaling the transition to floral development stage (Nougarède, 1967) . This stage is characterized by floral determination, whereby a plant will continue to develop to anthesis, even if removed from inductive conditions (Bernier et al., 1981) . Involucral bracts are the first structures that are directly associated with the inflorescence to appear. In Petasites hybridus L., removing or injuring the developing bracts results in a reversion to the vegetative state (Wardlaw, 1963) . In R. hirta, these bracts initiated after 18 LDs. This stage is also characterized by rapid stem elongation resulting from cell elongation in the region below the corpus (Bernier et al., 1981) . Murneek (1940) noted that rapid elongation occurred ≈2 weeks after leaf arching in R. hirta. In the present study, the start of rapid cellular elongation in the pith rib meristem occurred between 12 and 14 LDs. Rapid elongation of the stem is not required for R. hirta flowering, but it is a response to the same photoperiod treatment that stimulates flowering (Murneek, 1940) .
